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Experimental details:
Crystal structure determination was carried out using an Oxford Gemini E Ultra diffractometer, Mo Kα radiation (λ = 0.71073Å), equipped with an Eos CCD detector. Data collection and reduction were conducted using CrysAliPro (Agilent Technologies). An empirical absorption correction was applied with the Olex2 platform, 1 and the structure was solved using ShelXT 2 and refined by ShelXL. 3 Phase purity was confirmed by powder X-ray diffraction (PXRD, Bruker D8 diffractometer with primary Ni filter). Lattice parameters obtained from a Pawley fit performed using TOPAS4.1 4 are in good agreement with lattice parameter from single crystal X ray diffraction. No secondary phase was detected for products synthesised by both solution precipitation and hydrothermal methods ( Figure S2 ).
Optical measurements were carried out on a PerkinElmer Lambda 750 UV-Visible spectrometer in the reflectance mode with a 2nm slit width. The scan interval was 1 nm and the scan range was between 200 and 1500nm. The measurement was repeated by rotating the sample holder by 90° to ensure that the geometrical condition was fulfilled.
Nanoindentation experiments were performed at room temperature using an MTS NanoIndenter XP (MTS Corp., Eden Prairie, MN) located in an isolation cabinet in order to minimise the thermal instability and acoustic interference. With a dynamic displacementcontrolled continuous stiffness measurement (CSM mode), as reported in previous literature, 5, 6 indentations were carried out using a three-sided pyramidal Berkovich tip (radius ~100 nm) with the indenter aligned normal to the (001) plane of the single crystals. The Young's modulus (E) and indentation hardness (H) were obtained using the standard OliverPharr Method. 7, 8 Calibration was done using a fused silica standard with an elastic modulus of 72 GPa and hardness of 9 GPa. Poisson's ratio of the samples was assumed to be 0.3 in this model. Sample preparations followed the similar procedures of Sun et. al.. 9 DFT calculations were performed using the Vienna ab initio Simulation Package (VASP). 10, 11 Projector-augmented wave (PAW) 12 pseudopentials were used with the following valence electrons for each ion treated explicitly: Bi (5d 10 6s 2 6p 3 ), K (3s 2 3p 6 4s 1 ), Cl (3s 2 3p 5 ), C (2s 2 2p 2 ), N (2s 2 2p 3 ) and H (1s 1 ). The semi-local van der Waals functional (vdW-DF) was used, 13 with the exchange energy calculated using the optimised optB86b generalised gradient approximation (GGA) functional. The correlation energy was obtained from the local density approximation (LDA) and the nonlocal correlation energy calculated from double space integration. A 500 eV planewave kinetic energy cutoff was used for all the calculations. For geometry optimisation a 4×4×2 Monkhorst-Pack 14 k-point mesh was employed, while for the electronic density of states (DOS) calculations a finer 5×5×2 mesh was used. The ions were relaxed until the forces on them were less than 0.01 eV/Å. Relativistic spin-orbit coupling (SOC) was included in the DOS and band structure calculations. Supplementary information Figure S3 . Ellipsoids for the Cl, C and N, viewed slightly away from c axis, drawn in 50%
probability. Figure S4 . Photograph of (MA) 2 KBiCl 6 with face indexing using single crystal X-ray diffraction. Symmetry code: 1 1-y, x-y, z; 2 1+y, -x, z; 3 4/3-x, 2/3-y, 2/3-z; 4 2/3-x, 4/3-y, 1/3-z; 5 1-y, 1+x-y, z; 
